Actinobacillus actinomycetemcomitans, a Gram-negative small rod, is thought to be a rare member of the normal human oral commensals until individuals are edentu lous. However, the amount of A. actinomycetemcomitans is increased in the gingival crevice of patients with local ized aggressive periodontitis (LAP), which causes a rapid loss of the alveolar bone of the jaw leading to loss of the incisor or premolar. Therefore, the bacterium has long been believed to be an opportunistic pathogen for LAP (1) . Cytolethal distending toxin (CDT) was identified recently as one of the exotoxins produced by the bacte rium (2) (3) (4) (5) . The A. actinomycetemcomitans CDT has been reported to show a variety of activities. In KB (5), HeLa (2) , and HEp-2 (6) cells, the toxin causes cell distention and cell cycle arrest at the GZJM phase, and eventually elicits cell death. The toxin also blocks the proliferation of T lymphocytes to induce immunosuppression (7) . The A. actinomycetemcomitans CDT likely plays an important role in the progression of LAP by promoting the destruc tion of periodontal tissue and inflammation of the gingiva.
CDTs are also produced by various pathogenic Gram negative bacteria such as Escherichia coli, Shigella spp., Campylobacter spp., Haemophilus ducreyi, and Helico bacter spp. (8, 9) . CDT is encoded by the gene cluster cdtABC. The cdtABC products, CdtA, CdtB, and CdtC, are secreted into the periplasm by their signal sequence, and may be assembled into the mature toxin there. Recent studies indicate that the CdtB protein contains the CDT activity (10) , and that the other proteins, CdtA and CdtC, play roles in the entry of CdtB into the cyto plasm of a target cell (11, 12) . The primary structure of CdtB shows weak homology with that of DNase I, and CdtB is believed to degrade the chromosomal DNA of a target cell (9) . Cells intoxicated with CDT exhibit phos phorylations of CDC2 and Ataxia Telangiectasia mutated protein (ATM), and the formation of Rad50 foci and y-H2AX (8, 9, (13) (14) (15) . Subsequently, the phosphor ylated ATM kinase activates RhoA, which induces the formation of actin stress fibers, resulting in the disten tion of the intoxicated cells (16) . These events are thought to progress irreversibly leading to the ultimate death of the intoxicated cells.
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While the action mechanism of the toxin is well eluci dated, the native holotoxin structure of CDT has yet to be unambiguously determined; purification of the native CDT is known to be difficult (8, 9) . In this study, we report an effective purification procedure for recom binant A. actinomycetemcomitans CDT. Furthermore, we show that the N-terminal region of CdtA contains hetero geneous processing sites, but is dispensable to the toxin. We purified and characterized the native wild-type CDT and a mutant CDT composed of homogeneous Cdt compo nents.
While the former CDT offers evidence for the native CDT holotoxin structure, the latter can be used to determine the quaternary structure of the toxin. Determination of Subunit Stoichiometry-The densi ties of protein bands in 15% SDS-PAGE gels stained with Coomassie Brilliant Blue R-250 were determined using a Luminescent Image Analyzer LAS-1000plus (Fuji Photo Film Co., Ltd., Japan) and Image Gauge ver. 3.1.2 (Fuji Photo Film Co., Ltd., Japan). Data were collected from more than 5 gels and averaged. The molecular weight of each subunit was determined by 15% SDS-PAGE analysis. Determination of CDT Activity-KB cells were treated with CDT, incubated for 2 d, and used for the analysis of the CDT activity. For the analysis of cell distention, KB cells were directly observed using a DIAPHOTO-TMD phase contrast inverted microscope (Nikon Co., Japan) at x200 magnification. For the analysis of G2/M arrest, KB cells were collected, fixed in 1% formaldehyde in PBS, washed with PBS, labeled with propidium iodide using the CycleTest PLUS DNA Reagent Kit (Becton Dickinson and Co., CA, USA), and examined using FACScan (Bec ton Dickinson and Co., CA, USA). The G2/M content of the cells was analyzed using ModFit version II (Becton Dickinson and Co., CA, USA). The CDT activity was determined from the results of at least three independent experiments. KB cells grown in 1 ml of medium were treated with the indicated amount of crude cell extract and incubated for 2 d. +, cell distending positive; -, cell distending negative; +/-, partial cell distending activity. sER2566(pTYT7-cdtAB-His-BamHI-C)
. bER2566(pTYT7-cdtAAis-47-B His-BamHI-C). There are several reports describing attempts to purify CDT using conventional chromatographic methods (7, 17) , molecular-sieve chromatography followed by immu noaffinity-purification (18, 19) , or metal-affinity chroma tography of histidine-tagged CDT (18, 20) , but the result ant preparations apparently showed poor purity, weak activity, and/or decomposition of the holotoxin structure. We believe that the failure to purify CDT was mainly due to the very low stability of the toxin. In the present study, CdtA, CdtB-His, and CdtC were overproduced in a recombinant E. coli strain, and the histidine-tagged CDT holotoxin was purified to homogeneity using Nit+-chelat ing Sepharose with buffers supplemented with sucrose. It should be stressed that sucrose greatly stabilizes CDT (Fig. 7) , indicating that sucrose is required for the purifi cation of CDT. The purified wtCDT shows strong CDT activity. The specific activity for the distention of KB cells was about 100 times higher than that of the crude cell extract (Table 1 and Fig. 6 
